Atualmente as nações industrializadas se deparam com um novo problema, a contaminação das águas por contaminantes emergentes, entre eles fármacos e produtos de cuidado pessoal (PPCPs). Neste trabalho, um método analítico empregando extração em fase sólida (SPE) e cromatografia líquida com fonte de ionização eletrospray acoplada com espectrometria de massas em série foi desenvolvido e validado para a determinação de nimesulida, amitriptilina, enalapril, glibenclamida, haloperidol e metilparabeno em amostras de água. O estudo da SPE envolveu a utilização de um planejamento fatorial fracionado 2 v 5-1 para a seleção das variáveis que afetam o procedimento de extração. Os limites de detecção variaram de 0,01 a 0,2 µg L -1 e os de quantificação de 0,05 a 1,0 µg L -1
Introduction
Pharmaceuticals and personal care products (PPCPs) are a group of emerging, potentially hazardous contaminants, which have, to date, received limited attention, although interest in this area has increased considerably and the need for further investigation in this field has been emphasized by different research groups. [1] [2] [3] [4] [5] Pharmaceuticals have been recognized as emerging contaminants in the environment mainly due to their growing consumption, improper disposal of unused or expired drugs and inefficiency of wastewater treatment plants to remove them entirely.
issue. It highlights the potential adverse effects of endocrine disruptors on human health and the environment and calls the attention to the need to protect vulnerable humans and ecosystems. 9 Additionally, they are continuously introduced into the environment; therefore, even compounds of low persistence might cause adverse effects to human and aquatic life. 1, 2 Another important issue is the synergic effect of different PPCPs on aquatic life, through their non-targeted action combined with many other biologically active compounds found in the environment. 10, 11 After their excretion, they can be found in the environment in their parent forms, as metabolites or as transformation products which are generated during the wastewater treatment. 12 Pharmaceutical and personal care products, in several forms, such as antidepressant (amitriptyline), a n t i d i a b e t i c ( g l i b e n c l a m i d e ) , a n t i p s y c h o t i c (haloperidol), antihypertension (enalapril), non-steroidal anti-inflammatory (nimesulide) and also preservative compounds (methylparaben), have been found in water samples. Amitriptyline is a widely used tricyclic antidepressant, which has been used in many health treatments to treat depression, anxiety and chronic pain syndromes. 13 Glibenclamide is an antidiabetic drug which belongs to the sulfonylurea class of medications. It is a second generation oral sulfonylurea antidiabetic agent widely used for the treatment of type II diabetes mellitus and gestational diabetes mellitus. 14 Haloperidol, which belongs to the butyrophenone group of drugs, is as an antipsychotic drug. It is still one of the most widely used drug in the treatment of schizophrenic and other psychiatric disorders. 15 Enalapril is used in the treatment of hypertension and some types of chronic heart failure. Recent reports by the World Health Organization (WHO) state that high blood pressure is the primary or secondary cause of 50% of all cardiovascular diseases worldwide, 16 evidence of high consumption of hypertensive drugs, such as enalapril. Nimesulide, a non-steroidal anti-inflammatory drug has antipyretic and analgesic properties. 17 Methyl parabens is a preservative which is widely used in cosmetic products and pharmaceuticals due to its anti-bactericidal and antifungicidal properties. It was also used in food and beverage processing. It belongs to the esters of p-hydroxybenzoic acid and may be an endocrine disruptor. 18 PPCPs enter the aquatic environment mainly through treated (or raw) sewage from domestic households and hospitals, waste effluents from manufacturing processes and runoff. Another important reason why the drug residues reach natural surface waters is the insufficient removal of these compounds at wastewater treatment plants. 8, 19 Due to the growing concern regarding the presence, fate and effects on the environment and humans, there is need for fast and sensitive multi-residue methods for the determination of levels of PPCPs in the environment. 20 These compounds are found in water samples at a low concentration, 21 requiring sample preparation techniques that enable the extraction and preconcentration of the analytes and sensitive determination techniques. The classical liquid-liquid extraction has been largely replaced in laboratories by solid-phase extraction (SPE). SPE has been employed for the extraction of PPCPs from waters, but, because the extraction efficiency is compound dependent and is affected by several variables, such as the type of the sorbent, sample pH, polarity of the elution solvent and the elution volume, it needs to be optimized. 22 Optimal conditions of extraction can be obtained by the classical method called one-variable-at-a-time, but statistical tools, such as the fractional experimental design, have been recognized to be effective mathematical statistical methods for the evaluation of the effect of the variables and have helped to determine optimal conditions with desirable responses. 23 Regarding determination techniques, liquid chromatography tandem mass spectrometry (LC-MS/MS) has become the analytical technique of choice for the determination of polar environmental pollutants due to its selectivity and sensitivity. 24, 25 The number of works about the determination of PPCPs in water samples has grown in the world, 8, 22 and in Brazil, there have been few studies which investigate the presence of these contaminants in drinking and surface water. 20, [26] [27] [28] The aim of this study was to optimize SPE for the determination of amitriptyline, glibenclamide, enalapril, haloperidol, methylparaben and nimesulide in water samples. In the SPE study, a screening of five parameter settings via a fractional factorial design was carried out to find the most significant parameters in the extraction of these compounds. The method was validated with the following parameters: linearity and linear range, limit of detection (LOD) and of quantification (LOQ), precision (intra-day and inter-day), accuracy (recovery), matrix effect and process efficiency. After optimization and validation, the multiresidue method, which uses SPE and LC-MS/MS, was applied to verify the presence of PPCPs in surface and drinking water samples collected in the South region of Brazil.
To the best of our knowledge, in this region, the analysis of the selected PPCPs had never been carried out. Besides, this study emphasizes the importance of the determination of PPCPs in water samples since few countries have included the maximum residue limits (MRL) for these contaminants in their legislation. In Brazil, Law No. 2914 from December 12 th , 2011, which deals with the procedures and responsibilities related to the control and Vol. 24, No. 9, 2013 monitoring of water quality for human consumption and its potability standards, does not include MRL for PPCPs. 29 
Experimental

Reagents and chemicals
High purity (> 99%) analytical standards of amitriptyline (antidepressant), enalapril (antihypertensive and diuretic), glibenclamide (hypoglicemiant and antidiabetic), haloperidol (antipsychotic), methylparaben (preservative) and nimesulide (anti-inflammatory) were provided by Fiocruz (Fundação Oswaldo Cruz, Rio de Janeiro, RJ, Brazil). The chemical structure and physicochemical properties of the compounds under analysis are shown in Table 1 .
Individual standard solutions were prepared in methanol at the concentration of 1000 µg mL −1 . The working standard solutions were prepared at 100 µg mL −1 by mixing the appropriate amounts of individual standard solutions and by diluting them with methanol. All solutions were preserved at -18 ºC. All solvents were of HPLC grade, manufactured by Mallinckrodt (Phillipsburg, NJ, USA) and all the other reagents were of analytical grade. Ultrapure water was obtained by Direct Q UV3 ® water purification system (Millipore, Bedford, MA, USA). SPE extraction tubes were Chromabond C 18 EC (octadecyl modified silica phase) (Macherey-Nagel, Düren, Germany) and Strata-X (copolymer of styrene divinylbenzene with modified surface, with an average particle size of 33 µm) Phenomenex (Torrance, CA, USA). A Micromass Quattro micro API (triple quadrupole) mass spectrometer equipped with a Z-spray electrospray (ESI) ionization source was used. Drying gas, as well as nebulizing gas, was nitrogen generated from pressurized air in a NG-7 nitrogen generator (Aquilo, Etten-Leur, NL). The nebulizing gas flow was set to 50 L h -1 and the gas flow desolvation to 550 L h -1 . For operation in the MS-MS mode, collision gas was Argon 5.0 (White Martins, Rio de Janeiro, Brazil) with pressure of 3.5 × 10 -3 mbar in the collision cell. The optimized values were: capillary voltages, 4.5 kV; extractor voltage, 2 V; source temperature, 100 ºC; desolvation temperature, 400 ºC; and multiplier, 650 V.
The optimization of the MS-MS conditions, the choice of the ionization mode, the identification of the precursor/ parent and product ions and the selection of the cone and collision voltages, favorable factors for the analysis of the target analytes, were performed by direct infusion of each standard solution in the concentration of 1 µg mL -1 . Analytical instrument control, data acquisition and treatment were performed by software MassLynx, version 4.1 (Micromass, Manchester, UK). After the optimization of the collision cell energy of the triple quadrupole, two different transitions (precursor ion-product ion) were selected for each compound, one for quantification and one for qualification, and these ions were monitored in timescheduled multiple reaction monitoring (MRM) conditions.
Screening of the SPE variables
The influence of important SPE variables such as sample volume (250 to 1000 mL), sample pH (3 to 10), proportion of methanol:acetonitrile in the elution solvent (0 to 100%), solid support type (polymeric or C18) and elution volume (5 to 15 mL) were evaluated at two levels, according to Table 2 , using a 2 v 5-1 fractional factorial design, with 16 treatments and 6 central points, generating 22 experiments. The variations of experiment were evaluated using the central points. The main effects of each parameter on the extraction recovery were evaluated with 90% of confidence level. After choosing the extraction conditions from of effect analysis, an experiment to evaluate the influence of the acidification and alkalization of the eluting solvent was carried out. Pure methanol, methanol with 0.5% (v v -1 ) formic acid and methanol with 5% (v v -1 ) ammonium hydroxide (NH 4 OH) were investigated in this step.
Sample preparation
The samples were pre-concentrated and extracted by SPE tubes containing 200 mg polymeric sorbent (Strata-X). Volumes of 250 mL drinking water samples at pH 3.0, acidified by the addition of phosphoric acid, were fortified by adding an established volume of stock solution of the mixture of PPCPs under study. Before sample application, the SPE column was conditioned by passing consecutively through 3 mL methanol, 3 mL purified water and 3 mL purified water acidified (pH 3.0) with phosphoric acid 1:
). The samples were well mixed and passed through the SPE tubes at 3 mL min -1 . After that, the tubes were eluted with 5 mL of 5% formic acid in methanol. The resulting methanol extracts were directly analyzed by LC-MS/MS.
Recovery, process efficiency and matrix effect assessment
The matrix effect evaluation was carried out according to Matuszewski et al. 32 The method quantitatively assesses matrix effects by comparing the response of an analyte in neat solution with the response of the analyte spiked into a blank matrix sample that has been submitted to the sample preparation process. In this way, quantitative effects on ion suppression or enhancement experienced by all analytes in the sample can be measured.
According to the characteristics of each compound, calibration levels had different concentration ranges. To evaluate the matrix effect, three sets of samples were constructed. Set 1 consisted of a curve of neat calibration standards prepared in methanol. For the set 2, the samples were first extracted and spiked after extraction with the analytes in the same solvent and at the same concentration level as in set 1. In set 3, the samples were spiked before extraction with the addition of the solution in different concentrations containing all the compounds. By comparing the absolute peak areas obtained in sets 1-3, the matrix effect (ME), the recovery (R) of the extraction procedure and the overall process efficiency (PE) can be determined. If the peak areas obtained in set 1 are depicted as A, the ones obtained in set 2, as B, and the ones obtained in set 3, as C, the ME, R and PE values can be calculated as follows: Vol. 24, No. 9, 2013 (1)
Limits of quantification and of detection, linearity and precision LOD was defined as the lowest concentration of the analytical process that could reliably differentiate a signal-to-noise ratio value. LOD and LOQ of the method for each analyte were obtained considering 3 and 10 times the ratio of signal to baseline (noise), respectively. LOQ was established as the lowest concentration level that was fully validated (based on a solution which contains the mix of pharmaceuticals and personal care products standards). The lowest concentration in each compound was evaluated and could be detected and quantified with reliability.
The analytical curves and the linearity of the detector response for the test compounds were evaluated by injecting, in triplicate, at least five concentration values of the standard solutions prepared in methanol and analyzed by using a least-square regression. Satisfactory linearity was assumed when the determination coefficient (r) was higher than 0.99 for all compounds.
Precision (relative standard deviation, RSD) was evaluated by analyzing drinking water samples spiked at five concentration levels, at least, including LOQ and the highest level of the analytical curve. All experiments were performed in triplicate and injected three times (n = 9).
Statistical analysis
For the statistical analysis performed in the fractional factorial design, at a 90% level of confidence, a Statistica 8.0 Portable software was used.
The other statistical calculations, such as the one-way analysis of variance (ANOVA), were performed by GraphPad InStat (GraphPad InStat Software Inc., version 3.00, 1997) software. The differences among the groups were compared by one way analysis of variance and a Tukey's test was applied. For the ANOVA analyses, a 95% significance level was adopted for all comparisons (p < 0.05).
Environmental sample analysis
After optimization and validation, the method was applied to real samples to evaluate its applicability.
Samples were collected in two different cities in the South of Brazil, where basic sanitation does not reach half of the population.
Sampling was carried out monthly at Corsan Reservatory, the water treatment station in Rio Grande and Morro Redondo cities, from November 2011 to January 2012. Two different samples were collected: a surface water sample, collected at the entrance of the treatment station and a drinking water sample, collected after the water treatment, in the output of the station. Table 3 .
Results and Discussion
LC-MS/MS optimization parameters
Solid-phase extraction
The application of the fractional factorial design enabled to evaluate the effects of five parameters on the extraction of the analytes under study to be known. The results are shown in Table 4 . The highlighted parameters are statistically significant (p < 0.10) at 90% confidence level.
The fractional factorial design employed in this study was used as a tool which aimed at knowing the behavior of each compound in relation to the parameters which affect SPE extraction recoveries.
The same parameters showed different effects on each compound. The extraction recovery of the compound amitriptyline, which is a weak organic base 33 with nonpolar characteristics, was significantly affected by the solid support material and the proportion of methanol in the eluting solvent. The increase in the proportion of methanol in the elution solvent (-1 to +1) led to a decrease in the extraction recovery. Furthermore, the polymeric solid support showed a positive effect (25%) in the extraction, confirming the fact that a polymeric sorbent material is suitable for compounds which have different polarities. 34 For enalapril, an acid compound, the response, in terms of extraction recovery, was affected by all parameters. An increase in the extraction recovery was observed when the volume of the sample increased and when the polymeric solid support was used, whereas high pH, high concentration of methanol in the elution solvent and high volume of elution solvent led to a decrease in the extraction recovery. During the development of a multi-residue method for the determination of 25 acidic/neutral pharmaceuticals and personal care products in surface water, it was used an acid pH, indicating that the acid pH of the solution is required in order to ionize basic compounds and neutralize acidic compounds. 19 In some cases, the sample pH adjustment is necessary to stabilize and increase their retention in the solid phase. 34 In other study, it was concluded that, since enalapril is an acidic compound, the sample pH is a key factor for extraction. The optimal pH value to extract enalapril in that study was 3. 35 Glibenclamide is highly nonpolar 36 and a weak acid (pK a equal to 5.3). 37 The results showed that the response in terms of extraction recovery was affected by the pH and the proportion of methanol in the elution solvent. An increase in the sample pH and in the proportion of methanol in the solvent leads to a decrease in the recoveries.
The sample pH, proportion of methanol in the elution solvent and the solid support material of the variables showed effect on the extraction recoveries of haloperidol. An increase in the pH and the use of a polymeric solid support material led to high recoveries, whereas the increase in the proportion of methanol in the elution solvent showed a reduction (-31.6%) in the extraction recovery.
Nimesulide is a weak acid 38 and its extraction recoveries were affected by the sample volume and the solid support material. An increase in the sample volume reduced the extraction recovery, while the polymeric solid support material showed an increase in the extraction recovery.
As shown in Table 4 , the polymeric solid support showed a positive effect for most compounds, in agreement with other studies. 20, 39, 40 The choice of sorbent is a key point in the solid-phase extraction because it can affect the performance of the method, such as selectivity, affinity and capacity. 41 The compounds in this study have different physicochemical properties, varying from acidic to basic and from high to low polarity. It makes the choice of the most appropriate SPE sorbent more difficult. The Strata-X SPE cartridge has a surface-modified styrene skeleton with a pyrrolidone group, whose retention mechanisms are hydrophobic, hydrogen-bonding and aromatic. This sorbent is used for the reversed-phase extraction of acidic, basic and neutral compounds. 41 The sample volume was shown to be an important variable because it is percolated through the solid phase without loss of analytes and the appropriate volume is a factor that may lead to the loss of compounds due to leaching of the sample solvent itself. 42 In this study, the volume of the sample showed different effects on nimesulide and enalapril. A positive effect for enalapril and a negative effect for nimesulide were found while, for other compounds, the effect was not significant. Therefore, to avoid losses of analyte at the time of extraction, 250 mL were selected as the sample volume.
The pH of the sample proved to be an important variable for all compounds and showed different responses. The negative effect on glibenclamide, enalapril and haloperidol is in agreement with Gracia-Lor et al., 21 who show that the compounds of different polarities are significantly affected by the pH of the sample.
The evaluation of the methanol:acetonitrile proportion in the elution solvent showed the advantages of methanol, whereas a negative effect was obtained for most compounds when acetonitrile was used. Since methanol seems to be an efficient solvent for the elution of polar contaminants from different SPE cartridges, it was chosen for elution when the SPE process was evaluated. 21 Regarding the parameter that investigates the optimal volume of the elution solvent, a response with a negative effect for the drug amytriptiline was obtained. Other compounds also showed the same trend.
After the screening of the effect of each variable in SPE, some parameters were fixed, trying to use a condition that showed good recoveries for most of the compounds. Therefore, polymeric solid support, 250 mL sample volume, pH 3 for the sample, 5 mL eluting solvent volume and pure methanol were used in the next experiments.
Some studies 8, 20, [43] [44] [45] [46] report the use of modifiers in the elution solvent. Thus, an experiment to assess the influence of the acidification and/or alkalization of the eluting solvent in the recoveries of the compounds was carried out (Figure 1 ). Three treatments were compared and investigated individually for each compound: 5 mL methanol with 5% formic acid, 5 mL methanol with 5% ammonium hydroxide and 5 mL methanol. Results show that the most appropriate elution solvent for the extraction of most compounds was methanol with 5% formic acid since 4 compounds (amitriptyline, enalapryl, glibenclamide and methylparaben) reached extraction recoveries between 70 and 120%. The results were analyzed by ANOVA (Tukey's test) in order to establish whether there is significant difference among the means and factors that influence the dependent variable. Figure 1 shows the results of the recovery of each compound and the results of the analysis of variance complemented by the Tukey's test. Results showed highly significant differences among the solvents that were used (p < 0.05), indicating that the extractions with methanol with 5% formic acid as the eluting solvent are more suitable for the extraction of most compounds. Only the haloperidol was not significantly different by comparison with methanol with ammonium hydroxide and pure methanol. These results agree with the characteristics of the compound under investigation, which has more affinity with the most alkaline pH of solvents. For the simultaneous extraction of all compounds, 5 mL methanol with 5% formic acid was selected as the solvent for elution.
Limits of detection and quantification, analytical curves and linearity
With SPE, the method pre-concentration factor was 50 times, which enabled LODs and LOQs of the method in water samples to reach µg L -1 levels. The LOQ values ranged from 0.05 to 1.0 µg L -1 . For the evaluation of the linear range, matrix-matching calibration curves were made. The curves were generated by linear regression analysis and fitted well (r 2 Table 5 .
Accuracy and precision
To examine the accuracy and precision of the method, the curves prepared in set 3 of samples were used for calculations of recoveries (R in %) and RSD. Each level of the curve was prepared in triplicate and the extracts were injected into the chromatographic system in triplicate (n = 9). The results shown in Table 6 indicate that the method provided acceptable recoveries (65-120%). Precision was evaluated in terms of intra-day (RSD) and RSDs were lower than 20%, demonstrating good precision since values up to 20% are accepted. The inter-day precision was evaluated on LOQ and 5LOQ levels. RSDs were lower than 17%.
Evaluation of the matrix effect
One of the limitations of the LC-MS is the susceptibility of API interfaces to co-extracted matrix components. This matrix effect, defined as the effect of co-eluting residual matrix components on the ionization of the target analyte, typically results in either signal suppression or enhancement. Moreover, interfering matrix components can affect the reproducibility and the accuracy of the procedure under development, leading to biased or erroneous results. 47, 48 The method that is generally proposed to compensate the matrix effect is the use of a stable isotopically labeled internal standard which elutes at the same time as the compound does. It is also advisable to use one for each individual compound. In the case of multiresidue methods, such as an environmental analysis, the use of an isotopically labeled internal standard for each compound is difficult and expensive. Therefore, in this study, the matrix-matching calibration was chosen.
43,47
In agreement with the strategy applied by Matuszewski et al., 32 matrix effects were evaluated by comparing the PPCP MS/MS responses of standards prepared in methanol (A) with those measured in a blank water extract spiked with the same analyte amount after extraction (B). Differences observed in the MS/MS response could thus be attributed to the effect of the sample matrix on the ionization efficiency. The ratio (B/A × 100) is defined as the absolute matrix effect (ME).
The results of the evaluation of the matrix effect are shown in Table 7 . High signal enrichment was observed for methylparaben and nimesulide, and, for the other compounds, suppression was observed.
Process efficiency
Process efficiency is the overall performance characteristic of the method. PE values near 100% generally indicate that both ME and R are near 100% (equation 3).
The ME values often markedly differ from 100%, leading to significant differences between R and PE. It means that these two quantities cannot be used interchangeably. Pre-extraction addition results must be compared to post-extraction addition ones in order to determine recovery. High process efficiency can be observed for most analytes in Table 7 . It can be explained due to the high matrix effect that was observed. PE near 100% was found for any compound due to the fact that all compounds had high or medium matrix effect. 49 The results of PE are summarized in Table 7 . Comparing PE, it can be seen that only two compounds showed PE less than 60%, whereas the other compounds showed levels well above 100%. In some cases, the enrichment signal can increase the efficiency of the process considerably, such as amitriptyline, enalapril, haloperidol and glibenclamide.
Nimesulide showed low PE (28%) due to its low recovery. However, a significant suppression signal may cause the low efficiency of the process, despite the high recovery, as shown for methylparaben.
Environmental sample analysis
Although the number of works about the determination of PPCPs in water samples has grown in the world, more knowledge about the levels of these compounds in surface and drinking waters is required. In fact, there have been few studies which investigate the presence of these contaminants in drinking and surface water in Brazil.
During the method application, three different classes of compounds were detected in the surface water collected in Rio Grande.
Haloperidol was found in concentrations around 0.1 µg L -1 , while methylparaben was detected in concentrations between 7.6 and 29.8 µg L -1 and nimesulide in concentration of 0.05 µg L -1 . In the water samples collected in Morro Redondo, only methylparaben was detected. In drinking water, the concentration levels were always lower than LOQ, whereas in surface water, the concentration levels ranged from LOQ up to 134 µg L -1 . Haloperidol belongs to the butyrophenone series of tranquilizers. It is the most commonly compound used as antipsychotic drug to treat patients with chronic Nimesulide is a relatively new drug, a non-steroidal anti-inflammatory with analgesic and antipyretic properties. In some places, such as Ireland, this compound was withdrawn from the market. However, 3% gel formulations have been licensed for use. 17 This compound was detected in a study whose aim was to establish baseline levels of pharmaceuticals in three wastewater treatment plant streams in great Dublin. Nimesulide was detected in effluent streams at concentrations above the ones observed in corresponding influent samples. 17 Methylparabens is a hydroxybenzoic acid antimicrobial used as preservative in cosmetics. In the EUA and Brazil, 0.4% of each paraben and a maximum of 0.8% of total parabens are allowed in cosmetic products. In Japan, a maximum of 1% paraben is allowed. Many of the products, used as preservatives in cosmetics, are possible endocrine disruptors. Methylparaben was detected in a previous study carried out in Morro Redondo. During ten sampling campaigns, methylparaben was detected in concentrations lower than LOQ. 28 In surface water samples in Spain, methylparaben was detected from 6 to 208 ng L -1 , 18 and, in another study, methylparaben was the most frequently detected compound in wastewater samples. It was detected in 100% of the samples, and in average concentrations of 4200 ng L -1 in raw and 25 ng L -1 in treated wastewater. The detections were attributed to a reflection of its ubiquitous presence in cosmetic formulations. 51 A chromatogram with the chromatographic profile of methylparaben in the surface extract and in a positive surface sample is shown in Figure 2 .
Conclusions
The results of this study indicate that the method which uses SPE and LC-MS/MS for the determination of amitriptyline, enalapril, glibenclamide, haloperidol, methylparaben and nimesulide in samples of drinking and surface waters is efficient, precise and accurate. In the development of the method, a fractional factorial design was applied and the effect of five key parameters on the extraction of the compounds was assessed.
Strata-X was chosen as the solid support material, sample pH was adjusted to 3.0 and elution was performed with 5 mL methanol with 5% formic acid. The chromatographic conditions optimized for the determination by LC-MS/MS enabled the identification and quantification of PPCPs which were studied in a 10 min run time.
The results of the method validation were adequate. The analytical curves showed r values higher than 0.99 for the concentration ranges required for the applications.
The recovery values in different spiked levels ranged between 65 and 120%, with RSD below 20%. The limits of detection ranged from 0.01 to 0.2 µg L -1 and the limits of quantification from 0.05 to 1.0 µg L -1 . The method can be used for monitoring PPCPs in drinking and surface waters. However, quantification should be carried out with the analytical standards prepared in the blank matrix extract.
Results of the method application showed that some compounds used in everyday life have been reaching surface waters in the South of Brazil. Since methylparaben was detected, its presence may indicate that the water sources have been affected by domestic sewage.
